ABSTRACT The effects of dietary fiber sources on the meat quality, oxidative stability, and blood parameters of growing Graylag geese (28-112d) were investigated. The birds were randomly allocated into 4 treatments, of which dietary fiber was mainly from corn straw silage (CSS), steam-exploded corn straw (SECS), steamexploded wheat straw (SEWS), and steam-exploded rice straw (SERS). No influence (P > 0.05) on the basic chemical components, oxidative stability, or organoleptic traits of muscle were observed, except that birds fed SECS had a higher (P < 0.05) protein proportion than those fed CSS or SERS, and CSS increased (P < 0.01) the cholesterol content when compared to SEWS or SERS. Regarding fatty acid profile in meat, CSS and SECS increased (P < 0.01) the proportion of C18:2n6t and decreased that of C21:0 and C22:0 when compared to the others. The birds fed SERS had a higher (P < 0.05) proportion of C20:0 and C22:0 than the others, a higher proportion of C20:5n3, n-3 fatty acids, Δ-9 desaturase (18) index compared to those fed CSS or SECS, and a lower (P < 0.01) proportion of C20:1n9 than those fed SECS or SEWS. Additionally, SEWS resulted in a higher (P < 0.01) proportion of C20:2 when compared to the others. In conclusion, these fibers affect just the protein proportion, cholesterol content, and fatty acid profile of breast muscle, along with the concentration of TG and MDA in blood, but not the other characteristics. No superior fiber source exists with respect to meat quality, suggesting that Graylag geese feeding should make the most economically of the convenient fiber source with appropriate pretreatment.
INTRODUCTION
Traditionally, dietary fiber has been considered a diluent of poultry diets (Rougière and Carré, 2010) , resulting in practical diets formulated to contain small fibers. However, this challenges the view that moderate inclusion of different fibers might promote gastrointestinal tract (GIT) functions and, hence, better performance in terms of nutrient digestibility (Amerah et al., 2009; Jiménez-Moreno et al., 2009) , growth (González-Alvarado et al., 2010) , and animal welfare (Van Krimpen et al., 2009) . Fundamentally, the profile of existing GIT microbiota is likely affected by the amount and type of fibers (Shakouri et al., 2006) , ultimately contributing to the characteristic flavor of meat (Mead et al., 1983) . Producers can supply distinctive animal products if there are characteristic features in meat quality due to alternative fiber sources, satisfying the desires of modern consumers for meat with particular attributes of appearance, taste, texture, and health. As a fibrous byproduct, straw from grains, such as corn, wheat, and rice, can sometimes be problematic with respect to its disposal (Zeng et al., 2007) . On the other hand, given its lowcost and enormous yield, it would emerge as a competitive renewable feed resource if it were used well as a vital feedstuff for ruminants or herbivorous monogastric animals, e.g., geese and Graylag geese. Unlike other poultry species, geese can utilize fiber feed efficiently, which enables part of their concentrates to be replaced by roughage (Kokoszyński et al., 2014) ; for example, partially replacing concentrates with appropriate beet or potato meal (Mazanowski, 1985) , multicomponent silages of steamed potatoes and forage (Puchajda et al., 1996) , or corn silage (Kung et al., 2008; Kokoszyński et al., 2014) can also yield satisfactory production performance. The Graylag goose is one of the two maternal origins of the Chinese domestic goose (Li et al., 2011) , which is widely reared due to its excellent roughage utilization and productivity. As mentioned earlier, fiber is a critical component of poultry diets, and feed cost is typically the main expenditure in animal husbandry. It should be economically attractive to substitute abundant alternative straw fibers for partial concentrate feed to enhance benefits.
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As the ban on antibiotics in feed is implemented around the world, feeding coarse mash diets and increasing dietary fiber levels have been explored as nutritional strategies to confront the issue. Not only does making full use of fibers economically lower feed cost, but it also produces a healthier product. So far, research on the effects of dietary fiber on poultry has mainly focused on aspects of GIT development, digestibility, performance, health status, and microbiota, whereas little information is available on meat quality and animal physiochemical status. It was hypothesized that a distinctive meat quality would result from the intake of different fibers. The present study was designed to determine the differences in meat quality, oxidative stability, and blood parameters from Graylag geese, which offer alternative fiber sources during the growing period.
MATERIAL AND METHODS

Animals and Experimental Design
A total of 240 male Graylag geese (28-d-old), randomly selected from the same hatchery, based on a similar pen weight (4 birds/pen), were allocated on average to 4 dietary treatments (15 pens/group). The dietary fiber was mainly from corn straw silage (CSS), steam-exploded corn straw (SECS), steam-exploded wheat straw (SEWS), and steam-exploded rice straw (SERS). The diets (Table 1) were formulated according to NRC (1994) recommendations for growing geese. The birds lived in an open-style building with a brick floor, which was subdivided into pens (1 × 9 m) with wires and nets. Each pen was equipped with individual drinkers and feeders and was partially protected from rain and sunshine. Pelletized diets and water were freely available throughout the trial. The study was performed at the Animal Experimental Station of China Agricultural University and was approved by the Animal Care and Use Committee of China Agricultural University.
Blood and Meat Sampling
At 112 d, after a 12-h fast, the birds (60 in total) with nearly the average weight in each pen (15 pens/group) were selected and wholly bled by venipuncture into anticoagulant-free tubes with a blood needle and then slaughtered to sample breast muscle (pectoralis major) for measurement of meat quality. All the muscle was immediately stored at 4
• C for physical analysis and then made into freeze-dried meat powder for chemical analysis; meanwhile, a separate sample of each muscle was stored at −80
• C that would be used to determine oxidative stability.
Physical Analysis and pH Measurement
Breast muscle (collected from 60 birds) was analyzed for pH, color (L * , a * and b * ), tenderness (shearing force), water holding capacity (WHC), and texture profile analysis (TPA) (including hardness, cohesiveness, springiness, gumminess, chewiness, and adhesiveness). More specifically, after a 24-haging period, pH was determined by inserting a probe directly into muscle with a pH meter (Testo 205, Testo AG, Schwarzwald, Germany). Color measurement was performed on a fresh cut using a CR 400/410 Minolta chromameter (Minolta, Osaka, Japan). Shear force, WHC, and TPA were all analyzed using a texture analyzer (TMS-Pro, Food Technology Corp., Sterling, VA, USA). The shear force was determined using samples (1×0.5×3cm) taken parallel to the longitudinal orientation of muscle fiber with a 1,000 Newton (N) tension/compression load cell, and the maximum force (N/cm 2 ) was recorded. The WHC measurement was carried out by pressing a muscle sample (approximately 1 g) between filter paper (18 pieces) under constant pressure with a 1,000 N tension/compression load cell for a 5-minfixed time. In addition, the sample was weighed before and after pressing, and the result was expressed as a percentage of water loss. As for TPA, samples (1 cm 3 ) were compressed up to compression ratios of 0.25 of the initial depth with a 1,000 N tension/compression load cell. For each sample, the entire physical analysis along with pH measurement was performed in triplicate, except for shear force, which was measured 6 times.
Chemical Analysis
The basic chemical compositions (water, protein, fat, and ash) of breast muscle were determined according to AOAC (2000) . Cholesterol was extracted by ethyl ether and determined by capillary gas chromatography as the method of GB/T (2008) described on an Agilent Technologies 6890N gas chromatograph installed with an HP-5, 30 m × 0.32 mm inner diameter × 0.25 μm film column. The cholesterol content was calculated by peak area with reference to a standard solution.
For fatty acid analysis, intramuscular fat was extracted using the direct fatty acid methyl ester (FAME) synthesis method described by O'Fallon et al. (2007) . The fatty acid composition of the FAME was determined on an Agilent Technologies 6890N gas chromatograph installed with an HP-88, 100 m × 0.25 mm inner diameter × 0.20 μm film column. Fatty acid analysis was performed by manual injection of 1μL of each sample. Individual fatty acids were identified by retention time with reference to fatty acid standards.
The atherogenic index (AI) was calculated according to the equation described by Ulbricht and Southgate (1991) 
Measurement of Oxidative Stability
The peroxide value (PV) was measured according to the method described by Ingrid and Herbert (2002) , with some modifications. Meat samples and solvents were homogenized with an Ultra TurraxT25 homogenizer (IKA, Cincinnati, OH, USA), and the homogenate was centrifugated for 6 min at 4,000 rpm and 4
• C. The absorbance at 500 nm was measured immediately after incubating for 20 min at room temperature. Blanks were prepared like the samples, but with the muscle being replaced by distilled water. A standard curve was prepared using cumenehydroperoxide. PV was expressed as nanomoleslipid hydroperoxide per gram of tissue.
For the measurement of thiobarbituric acid reactive substances (TBARSs), the method reported by Monin et al. (2003) was used. Minced meat (0.15 g) was homogenized with 1.2 mL TBA-TCA solution (50% trichloroacetic acid and 1.3% thiobarbituric acid) and then incubated at 65
• C for 60 min, cooled at 4
• C for 60 min, and centrifugated at 1,600 rpm and 4
• C for 5 min. The absorbance at 532 nm was measured immediately and compared with a standard curve of malonaldehyde (MDA) prepared by the hydrolysis of tetraethoxypropane. The results were expressed as nanomole MDA per gram of muscle.
Blood Parameters
The serum samples were measured for blood biochemical parameters, including glucose (GLU), cholesterol (CHO), triglyceride (TG), total protein (TP), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), uric acid (UA), glutamic-oxaloacetic transaminase (AST), glutamic-pyruvic transaminase (ALT), cortisol (COR), superoxide dismutase (SOD), malondialdehyde (MDA), and creatine kinase (CK). The parameters were examined at a service corporation (Beijing Sino-Uk of Biological Technology, Beijing, China) using a Hitachi-7160 Auto-Biochemical Analyzer, except that COR was measured by an R-911 automaticradioimmunoassay counter.
Statistical Analysis
A completely randomized design was applied to determine the dietary effect. Data were analyzed using the GLM procedure of SAS (version 9.0, SAS Institute, Cary, NC). All the values were calculated with a consideration of the average value of each pen as an experimental unit. Differences were considered significant when P < 0.05; treatment means were compared using Duncan's test.
RESULTS
Compositional Analysis of Breast Muscle
Data concerning the basic chemical components and cholesterol of breast muscle are presented in Table 2 . The birds fed SECS had a higher (P < 0.05) protein proportion in muscle than those fed CSS or SERS, while the proportion of moisture tended (P = 0.0726) to be higher in birds fed CSS, which was negatively correlated with the proportion of intramuscular fat. Meanwhile, there was no difference (P > 0.05) in the proportions of fat and ash across the treatments. As for cholesterol content (milligrams per 100 g flesh), there was a significant difference (P < 0.01) between the birds fed CSS and those fed SEWS or SERS. 
Fatty Acid Profile of Breast Muscle
Data on the muscle fatty acid composition and percentage (milligrams fatty acid per gram meat on dry matter basis) are summarized in Table 3 . Significant differences (P < 0.05) were found in the proportion of C18:2n6t, C20:0, C20:1n9, C21:0, C20:2, a-c Different letter superscripts within a row represent significant differences (P < 0.05).
C22:0, C20:5n3, n-3 fatty acids, and the Δ-9 desaturase (18) index. More specifically, CSS and SECS increased (P < 0.01) the proportion of C18:2n6t and decreased that of C21:0 and C22:0 compared to the others. The birds fed SERS had a higher (P < 0.05) proportion of C20:0 and C22:0 than the others and a higher proportion of C20:5n3, n-3 fatty acids, and Δ-9 desaturase (18) index compared to those fed CSS or SECS, along with a lower (P < 0.01) proportion of C20:1n9 than those fed SECS or SEWS. SEWS resulted in a higher (P < 0.01) proportion of C20:2 compared to the others. Moreover, the dietary treatments tended to have an effect on the proportion of C22:1n9 (P = 0.0643), SFA (P = 0.0755), and n-6: n-3 fatty acids (P = 0.0794).
Physical Parameters and pH of Breast Muscle
The parameters concerning meat quality measured at 24 h postmortem, i.e., the pH, shear force, WHC, and color (L * , a * , and b * ) of muscle, are shown in Table 4 , and the result of a TPA is presented in Table 5 . No effect of fiber source on aspects of pH and color was found (P > 0.05), and neither shear force nor WHC was affected (P > 0.05) by dietary treatments. What's more, the traits involved in the TPA (25% deformation) between the groups were not different (P > 0.05), including hardness, cohesiveness, springiness, gumminess, chewiness, and adhesiveness. 
Blood Biochemical Parameters
The results of the blood analysis are shown in Table 6 and mainly include the concentration of GLU, CHO, TG, TP, LDH, ALP, UA, COR, SOD, MDA, AST, ALT, and CK. Birds fed CSS or SECS had a lower (P < 0.01) TG concentration than the other two. Compared to CSS, SECS resulted in a lower (P < 0.05) MDA proportion. The fiber sources tended to affect the concentration of TP (P = 0.0853) and ALP (P = 0.0759) in blood, with CSS ranking highest and SECS being the lowest for TP, along with the opposite rank for ALP. Additionally, no difference (P > 0.05) was found in the concentration of GLU, CHO, LDH, UA, COR, SOD, AST, ALT, and CK between treatments.
Oxidative Status Assessment of Breast Muscle
Data concerning the PV and TBARSs of muscle are presented in Table 7 . Compared to the others, CSS tended to reduce (P = 0.0605) PV. No effect (P > 0.05) was found in the concentration of TBARSs owing to the dietary treatments, where CSS and SERS resulted in higher values than the other treatments. 
DISCUSSION
Ensiling is the most common way to exploit straw as animal feedstuff, while recently steamexplosion has proven to be an efficient biomass pretreatment. Because ensiling and steamexplosion improvethe digestibility of fiber to different degrees depending on the physicochemical variations of the different kinds of straw, it was speculated that the nutritional value of the fibers used in the present study should be different and result in unequal levels of dietary nutrition, which could ultimately be reflected in animal performance and body components. The fact that the birds fed SECS in the present study had a higher protein proportion in muscle than those fed CSS or SERS, along with all the basic components within the normal range generally reported (Puchajda, 1991; Mazanowski et al., 2005) verified our hypothesis. Similarly, Puchajda et al. (1997) noted that a significantly greater amount of crude protein in breast and thigh meat was found in geese fed grass or red-clover silage than those fed the silage of wheat meal, steamed potato, rapeseed meal, faba bean meal, and dried alfalfa. The variations resulting from the fiber sources should account for the difference, to some extent.
Cholesterol is a risk factor in the development of heart problems (Bartoň et al., 2007) , and the recommended maximum daily cholesterol intake is only 300 mg (Jiménez-Colmenero et al., 2001) . Hence, it is necessary to evaluate cholesterol levels in meat. In the present study, compared to the other groups, the birds fed CSS had higher cholesterol content in muscle and that similar in blood. It has been reported that the cholesterol proportion dependson the intramuscular fat content, i.e., meat with a high level of intramuscular fat has more cholesterol (Alfaia et al., 2007 ). Furthermore, blood cholesterol level is influenced by the fatty acid composition of a diet (Flynn et al., 1985) , with SFAs like C12:0, C14:0, and C16:0 increasing serum cholesterol levels (Rowe et al., 1999) . On the other hand, there was no difference in the proportion of intramuscular fat, and the fatty acid composition of diets was not analyzed, resulting in what caused the different cholesterol content in muscle unknown. Inconsistently, Rule et al. (1997) suggested that altering the cholesterol concentration in muscle may require a marked redistribution of membrane fatty acids because breed, nutrition, and sex did not affect the cholesterol content of muscle.
The healthiness of meat is largely related to the meat's fat content and fatty acid composition (Fisher et al., 2000) . Nowadays, research indicates that the consumption of more n-3 fatty acids and fewer SFAs can reduce the risk of developing cardiovascular diseases (Hu et al., 2001) . The World Health Organization (WHO) (2003) reported that maximizing the polyunsaturated fatty acid (PUFA) proportion, particularly the n-3 PUFA proportion of beef lipids, would enhance the nutritional value of beef. The present study showed that SERS increases the proportion of n-3 fatty acids, mostly attributable to a higher proportion of C20:5n3. The different fatty acid profiles of the fiber sources might explain the difference. Moloney et al. (2013) reported that the alternative silages decreased the n-3 PUFA proportion in intramuscular lipid and deduced that the difference was owing to the lower intake of n-3 fatty acids when the animals were fed alternative silages. Along with a higher proportion of C16:0 and C18:0, SEWS tended to increase the proportion of SFAs. Birds fed SERS had a higher Δ-9 desaturase activity index for C18 fatty acids, suggesting a better antioxidant capacity. However, there was no difference in the extent of lipid oxidation among treatments. In addition to possible health effects, the fatty acid profile may affect the sensory characteristics of meat (Wood et al., 2004) .
Little research has been done onthe effects of fiber source on meat quality. Walsh et al. (2008) , Dawson (2012) , and Keady et al. (2013) detected no difference in muscle color or palatability when grass silage was replaced with maize silage. Similarly, Bartoň et al. (2010) showed that the replacement of legume-cereal/lucerne silage with maize silage did not affect muscle quality. Kung et al. (2008) reported that there were no significant differences in cooking loss, tenderness, or sensory properties of muscle from geese fed different percentages of corn silage (0, 15%, and 30%). Meat color is one of the vital factors that influence consumer choices; closely related is the pH of meat. The pH is an indicator of meat quality, and a low pH (P < 5.7) at 24 h postmortem is indicative of poor meat quality (Alvarado et al., 2007) . Because the pH and color of muscle were within the range expected for poultry (Van Laack et al., 2000; Woelfel et al., 2002) , the four fiber sources used in the present study had no detrimental effect on consumers' visual score. Shear force indicates the maximum force required to cut through a sample, and it represents meat tenderness, i.e., a higher value indicates poor tenderness. Recently, neither WHC nor shear force was affected by dietary treatment. It was concluded that the dietary fiber source had little effect on the processing ability of meat. Moreover, texture is one of the most important determinants of meat organoleptic quality. A TPA is created as an imitative test, resembling what goes on in the human mouth, which can be an excellent substitution for a taste panel test. In the present study, all the parameters of texture were statistically similar, suggesting that fiber source made no difference in meat texture. Overall, no effect was found on the physical quality profiles of breast muscle, which was almost consistent with the conclusion by Moloney et al. (2013) .
The concentrations of GLU, TG, and CHO in blood are usually used to evaluate the metabolism status of fat and carbohydrate, where it is considered that higher values mean better energy nutrition when they vary around the normal range. In the present study, birds fed CSS had a lower TG concentration, probably suggesting poor energy nutrition (birds fed CSS had a markedly higher feed intake in our previous study). It has been reported that dietary fiber lowers the concentrations of CHO and TG in blood because fiber interferes with the reabsorption of lipids and CHO by absorbing bile acid and CHO, consequently disturbing lipid metabolism (Trowell, 1976) . Moreover, TP was also lower in the serum of birds fed CSS, implying that protein anabolism was inferior. In addition, the concentration of ALP, related to skeletal metabolism, was even higher in birds given CSS. To sum up, blood parameters suggested that birds fed CSS had a poor status compared to the others, mostly owing to the different nutrition-enhancing effects of steam explosion and ensiling. SOD is a vital enzyme for antioxidation, and MDA has been identified as the ultimate product of lipid peroxidation; therefore, the concentrations of SOD and MDA in blood can reflect the body antioxidant capacity. Birds fed CSS had a higher serum MDA concentration, implying a greater extent of lipid peroxidation, but a similar value of SOD concentration excluded the possibility that Radical-Scavenging activity made a difference; different antioxidant capacity likely resulted from the difference in feed intake because of feed limitation decreasing the amount of mitochondriafree radicals (Chai, 1991) . Measuring the lipid oxidation of muscle is also one way to evaluate the body antioxidant capacity. The reaction of MDA with TBA is widely used to measure the extent of oxidative deterioration of lipids in muscle foods. Besides MDA, PV, which represents the concentration of hydroperoxide (the primary product of lipid oxidation), is usually used to evaluate the oxidation of muscle. Birds fed CSS tended to developless hydroperoxide, probably owing to further oxidation as its TBARS was apparently higher.
CONCLUSION
The present studyrevealed little difference between the types of dietary fiber source with regard to the nutritional and organoleptic quality of muscleor animal physiological status, except for significant differences in the proportion of protein, cholesterol content, and fatty acid profile of breast muscle and the concentration of TG and MDA in blood. SERS resulted in the highest proportion of n-3 fatty acids, indicating its superior potential to improve the lipid profile of meat to provide health benefitsto consumers. CSS might be consumers' last choice because it resultsin the highest cholesterol content in meat, the highest MDA concentration in blood, and the lowest serum TG. In a word, the effects of fiber source on meat quality and animal physiological status are too slightand have little commercial significance, though some differences do appear. Thus, no superior fiber source exists with respect to meat quality, suggesting that Graylag geese should be given an economical feeding regimen so as to make the most of the fiber source at hand with appropriate pretreatment.
